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Abstract 
Despite our dependency on treatment facilities to condition wastewater for eventual 
release to the environment, our knowledge regarding the effects of treated water on the 
local watershed is extremely limited. Responses of these lotic systems to the treated 
wastewater effluent have been traditionally investigated by examining the benthic 
macroinvertebrate assemblages and community structure; however, these studies do not 
address the microbial diversity of the water systems. In the present study, planktonic and 
benthic bacterial community structure were examined at fourteen sites (from 60 m 
upstream to 12,100 m downstream) and at two time points along an aquatic system 
receiving treated effluent from the Charleston Waste Water Treatment Plant (Charleston, 
IL). Total bacterial DNA was isolated and 16S rRNA sequences were analyzed using the 
Illumina MiSeq v3 platform. The community structure in planktonic bacterial 
communities was significantly correlated to water quality, specifically dissolved oxygen. 
Benthic bacterial communities were not correlated to water quality, but instead had a 
significant geographic structuring. A local restructuring effect was observed in both 
planktonic and benthic communities near the treated wastewater effluent, which was 
characterized by an increase in abundance of sphingobacteria. Similarly, sites further 
downstream from the wastewater facility appeared to be less influenced by the effluent. 
Overall, the present study demonstrated the utility of bacterial metagenomics as a tool to 
assess the effects of treated wastewater effluent on the receiving water system. In the near 
future, operators of wastewater treatment facilities could use this technology for routine 
monitoring, or to assess the impact of new sterilization methods, such as UV or ozone 
treatment. 
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Introduction 
Centralized wastewater treatment facilities are one of the most common methods 
employed to treat domestic wastewater (Qasim 1999). Typically, these facilities 
discharge their treated effluent directly into a local stream or river system, where the 
treated water can make up a significant proportion of the annual flow of these lotic 
systems (Brooks et al. 2006). Treated wastewater therefore has the potential to greatly 
influence the physical and chemical properties of the receiving system (Drury et al. 2013). 
Moreover, human population densities have reached a level at which natural waste 
degradation in aquatic environments can no longer solely be depended upon. This 
presents a serious environmental and human health issue as the amount of developed and 
urbanized land rapidly increases (Grimm et al. 2008). 
Responses of these lotic systems to the treated wastewater effluent have been 
traditionally investigated by examining the benthic macroinvertebrate assemblages and 
community structure (Cairns et al. 1993, Wallace and Webster 1996, Bae et al. 2005). 
For example, in areas of high organic pollution there have been characteristic increases in 
macroinvertebrate biomass, and decreases in species diversity (Gaufin and Tarzwell 
1956, Wynes and Wissing 1981, Cao et al. 1996). However, interactions between the 
microbial trophic level and the physical/chemical environment are lost when looking 
through this coarse objective. Rather, the microbial community structure should be 
included as a subject of study in order to assess the response of the receiving lotic system 
to the treated effluent (Daims et al. 2006). 
Historically, bacterial community analysis has been problematic because it has 
relied on the isolation, purification, and/or morphology-based identification of individual 
bacterial species. This method of community analysis is further handicapped by the 
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inability to culture the vast majority (99%) of microbial organisms existing in nature 
(Hugenholtz et al. 1998). This is primarily due to the high selectivity of nutrient media 
and culture conditions, which leads to under-estimations in abundance and composition 
of bacterial communities (Al-Awadhi et al. 2013). However, due to the high fidelity and 
ubiquity among prokaryote life forms, sequencing of the 16S rRNA gene has become a 
standard method for phylogenetic analysis of bacterial communities, which has helped 
circumvent these issues (Weisberg et al. 1991, Stackebrandt and Goebel 1994, Janda and 
Abbott 2007, Yarza et al. 2008, Sapp and Fox 2013, Koonin 2014, Goldenfeld 2014). 
This adoption, coupled with ever-increasing gains in information processing capabilities 
have greatly improved the ability to rapidly and reliably identify bacterial community 
structure at the genomic level (Clarridge 2004, Gilbride et al. 2006, Bartram et al. 2011, 
Rajendhran and Gunasekaran 2011 ). 
Although it was outside the scope of this project, several studies exist utilizing the 
16S rRNA gene over multiple sequencing platforms to investigate the microbial 
community composition at different stages of the wastewater treatment process 
(Sanapareddy et al. 2008, Schluter et al. 2008, McLellan et al. 2010). These rapid 
"omics" snapshot studies have often investigated the degree of antimicrobial resistance 
within wastewater treatment plants (Szczepanowski et al. 2008, Szczepanowski et al. 
2009) or have been used to assess the potential for microbial bioremediation (Desai et al. 
2009). However, despite the availability of 'omics' tools and studies conducted within 
individual wastewater treatment plants, the impact of treated wastewater effluent on the 
composition, organization, and spatial distribution of microbial communities in receiving 
water systems has not been thoroughly investigated using these resources. 
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The purpose of this study was to explore the effects of treated wastewater on the 
bacterial community in a receiving aquatic system. Specifically, we investigated the 
microbial community composition using a metagenomics approach at sites above, at, and 
below the confluence of the effluent from the Charleston Waste Water Treatment Plant, 
and at sites downstream along the local watershed in Charleston, Illinois. 
Methods and Materials 
Sites/ Sample collection 
A total of fourteen sample locations in a local watershed in Charleston, IL (2013 census 
population: 21, 961 ), that includes a wastewater treatment facility, were selected that 
spanned from 60 m upstream to 12, 100 m downstream of the treated wastewater 
discharge site (Fig. 1). Major contributors to the local water system that ultimately 
empties into the Embarras River include Cassell Creek, Town Branch, Riley Creek and 
Kickapoo Creek. Water and sediment samples were collected on November 18, 2011 
(Tl) and November 25, 2011 (T2), which were used to assess the bacterial community 
structure. Samples were collected as grabs using sterile 500 ml glass collection bottles, 
transported on ice and stored at -20°C until processed. 
DNA Extraction 
Frozen samples were thawed at room temperature. Water samples were filtered through 
HT-200 polysulfone 0.2 µm filter membranes (Pall Corporation; Port Washington, NY) 
using a Buchner funnel filtration system. Half of each membrane was used directly for 
DNA extraction using a FastDNA® Spin Kit (MP Biomedicals; Solon, OH). The 
remaining membrane was archived and frozen. Sediment samples were classified 
through a sterile sieve to separate coarse particulates. Total DNA was extracted from 0.5 
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g of the fine material using a FastDNA® Soil Spin Kit (MP Biomedicals). DNA was 
quantified using an Epoch Microplate Spectrophotometer (BioTek; Winooski, VT). 
Polymerase Chain Reaction (PCR) 
The V4 region of the 16S rRNA gene was amplified using 501-508 and 701-712 primers 
as previously described (Kozich et al. 2013). PCR amplification was performed using a 
CIOOO Thermal Cycler (BioRad; Hercules, CA) with the following program: 95°C for 3 
min, followed by 35 cycles of 95°C for 30s, 53°C for 30s, 68°C for 30s, and then 72°C 
for 5 min. Each reaction (20 µl) consisted of the following: 1 µl of extracted DNA, 4 µl 
5x Taq Master Mix (New England Biolabs; Ipswich, MA), 0.5 µl (10 pmol) of forward 
primer (501-508), 0.5 µl (10 pmol) ofreverse primer (701-712), and 14 µl ofDNase-free 
water. The 16S product was excised and purified after electrophoresis using a QIAquick 
Gel Extraction Kit (Qiagen Laboratories; Hilden, Germany). To prepare the samples for 
sequencing, products were again quantified and uniformly diluted to a concentration of 1 
ng/µl. All samples were then combined and sent to the Roy J. Carver Biotechnology 
Center at the University of Illinois at Urbana-Champaign (Urbana, IL) for paired-end 
(250 nucleotide) sequencing with the Illumina MiSeq v3 platform. 
Sequence Analysis 
The raw sequence output from the Illumina MiSeq v3 platform were processed using 
mothur v .1.20.1 (Schloss et al. 2009), where any sequences containing ambiguities or 
homopolymers longer than 8 bases were removed. Chimeric and chloroplast sequences 
were also removed. Sequences were aligned based on comparison to the SILVA-
compatible bacterial alignment database available within mothur, and aligned sequences 
were trimmed to a uniform length of 250 base pairs. After these pretreatment steps were 
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completed, the data set included a total of 452,988 sequences for an average of 8,089 
sequences per sample. Sequences were clustered into operational taxonomic units 
(OTUs) based on 97% sequence identity using the nearest neighbor algorithm within 
mothur and exported into an Excel spreadsheet. Summary tables of OTU counts at the 
family level are appended (Appendix Tables 1-4). 
Water Quality Analysis 
Water quality data were collected using a Hach HQd portable meter with combination 
DO, pH, and temperature probes and Intellical nitrate and ammonium ion selective 
electrodes. Phosphorus was measured using a Hach DR 890 portable 
colorimeter. Alkalinity was calculated using a Hach digital titrator using 1.6 N HzS04. 
Statistical Analysis 
All statistical analyses were conducted within the program R (R Core Team, 2013). 
Supplemental packages within R that required installation included "vegan", "rgl", 
"scatterplot3d", "car", and "MASS". P values of <0.05 were considered statistically 
significant. To examine the community structure, first without a geographic distance 
component, data were analyzed using nonmetric multidimensional scaling (nMDS) plots 
generated from Bray-Curtis dissimilarity between each site (metaMDS in vegan). The 
potential structuring mechanisms of the bacterial communities were assessed separately 
for water and sediment samples utilizing Mantel analyses (Legendre and Legendre 2012; 
Mantel in vegan). First, we performed matrix correlations between the bacterial 
community matrices and a Euclidean distance matrix generated from water quality 
measurements at each sampling site. To incorporate a spatial component, Mantel matrix 
correlation analyses again were used to compare the bacterial community distance matrix 
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to the geographical distance matrix constructed from the distances in river meters 
between each sampling site. Lastly, we performed a partial Mantel analysis of bacterial 
community distance and water quality distance controlling for geographic distance. To 
assess what specific water quality variables affected bacterial community structure we 
utilized a distance-based redundancy analysis (Legendre and Anderson 1999; adonis in 
vegan). Full models were fit and then a model-selection procedure was utilized to come 
up with a final model (Burnham and Anderson 2002). 
Figure 1. Satellite map of the study area including the Charleston Waste Water 
Treatment Plant, the four contributing water systems and the 14 sampling sites. 
6 
Results 
The community matrix from the November 18 sampling period (Tl) was plotted with the 
community matrix from the November 25 sampling period (T2) for both water and 
sediment (Fig. 2, Fig. 3). The nMDS plot is a good representation of the actual non-
Euclidean distances among both the planktonic (S2 = 0.11, SJ = 0. 07) and benthic 
community structure (S2 = 0. 09, SJ = 0. 07). The Mantel analyses indicate that the 
structure of the planktonic bacterial communities show no temporal correlation (r = 
0.008, p = 0.44). While not statistically significant, the benthic communities show a 
higher level of temporal correlation (r = 0.36, p = 0.07). A third plot was generated with 
all four datasets on the same axis (Tl and T2 planktonic and benthic), which exhibited 
similar stress values (S2 = 0.11, SJ = 0. 07) (Fig. 4). The Mantel analysis showed no 
correlation between planktonic and benthic bacterial communities (r = 0.07, p = 0.24). 
The Mantel analyses comparing community structure to the water quality distance 
matrix showed no significant correlation for Tl water (r = 0.175, p = 0.171). However, a 
significant correlation was detected between community structure and water quality for 
T2 planktonic communities. (r = 0.3571 , p = 0.027). No significant correlation was 
found between benthic community structure and water quality for either sampling time 
(Tl: r = 0.08886, p = 0.304; T2: r = -0.122, p = 0.776). Mantel analyses comparing 
community structure to geographic distance matrix showed no significant correlation in 
planktonic communities (Tl : r = -0.135, p = 0.634; T2: r = -0.04733, p = 0.587), and 
significant correlation in benthic communities (Tl : r = 0.6702, p = 0.041 ; T2; r = 0.5887, 
p = 0.021 ). The relationship between bacterial community structure and water quality did 
not change when controlling for geographic distance (Tl , planktonic r = 0.162, p = 
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0.192; T2, planktonic: r = 0.3544, p = 0.021 ; Tl , benthic: r=0.229, p=0.136; T2, benthic: 
r = -0.065, p = 0.575). Mantel analyses showed the community structure of the benthic 
bacteria had no relationship to water quality variables. The planktonic bacterial 
community structure at time 1 was related to DO (F1 ,12 = 2.479, p = 0.025) and at time 2 
was related to both DO and temperature (F1 ,11 = 3.105, p = 0.024; F1 ,11 = 3.553, p = 
0.010). 
To visualize changes in bacterial community structure at the family level, pie 
charts were generated and placed on a map of sampling locations for water and sediment 
at each time point (Fig. 5-8). Any family that contributed to over 5% of the total number 
of OTUs from each site were included, while unclassified OTUs (those not matching 
sequences in the reference databases) were excluded. However, the relative contribution 
of unclassified OTUs can be found in Appendix Tables 1-4. 
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Figure 6. Pie charts of planktonic bacterial families isolated 11 /25111 (T2). Including 
representatives that made up >5% of the total community structure (unclassifieds were 
excluded). 
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Figure 7. Pie charts ofbenthic bacterial families isolated 11/18/11 (Tl). Including 
representatives that made up >5% of the total community structure (unclassifieds were 
excluded). 
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Figure 8. Pie charts of benthic bacterial families isolated 11/25111 (T2). Including 
representatives that made up >5% of the total community structure (unclassifieds were 
excluded). 
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Discussion 
Centralized wastewater treatment plants are becoming increasingly important due 
to rising population densities and the resulting urbanization. They play a crucial role in 
the reduction of organic pollutants and potential pathogens entering the environment. 
However, the treated effluent is often discharged directly into a natural lotic system, 
where there exists the potential for treated wastewater to influence the receiving system. 
Traditionally, ecosystem quality and biotic integrity have been monitored using 
subjective habitat assessments and macroinvertebrate surveys. These methods represent 
our initial attempts at understanding the integrity of an ecosystem and, historically, have 
offered the most practical strategy for assessing habitat quality. However, investigating 
bacterial communities in situ provides much finer resolution and more nuanced 
understanding of the biotic response to the quality of an environment (Nold et al. 1998). 
Until recently, our ability to rapidly and accurately enumerate bacterial communities has 
been extremely limited. However, current technological advances have opened the door 
for the use of molecular 'omics' techniques to broadly monitor influences on ecosystems 
at the microbial level. 
In the present study, bacterial DNA was isolated from water and sediment 
samples collected from 14 sites along the local watershed in Charleston, IL (2013 census 
population: 21, 961) that is home to Eastern Illinois University (2014 student population: 
8,913). The initial 13 sample sites were above, below, and at the confluence of: Cassell 
Creek with the effluent from the Charleston Waste Water Treatment Plant (including a 
site within the treatment plant), Cassell Creek with Town Branch, Cassell Creek with 
Riley Creek, and Riley Creek with Kickapoo Creek (Fig. 1). The fourteenth site was at 
the terminus of Kickapoo Creek before it empties into the Embarras River (Fig. 1). The 
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V4 region of the bacterial 16S gene was amplified using PCR (Kozich et al. 2013), and 
sequenced using Illumina's MiSeq platform. The bioinformatics software mothur 
(Schloss et al. 2009) was used to process the raw output, and taxonomic information was 
exported into R (R Core Team, 2013) for community dissimilarity and Mantel matrix 
correlation analyses. 
Urban activities and agriculture are known to be significant contributors of 
nitrogen and phosphorus levels in aquatic ecosystems (Carpenter et al. 1998). However, 
the ability for typical centralized wastewater treatment plants to remove these inorganic 
nutrients has remained limited. This has caused a shift in water quality issues in 
developed or agricultural areas, from problems associated with organic pollution to those 
associated with inorganic nutrients, such as eutrophication (Gucker et al. 2006). 
Eutrophication typically leads to loss of biodiversity and shift in dominant species, and is 
a fundamental concern in the management of aquatic ecosystems (Carpenter et al. 1998, 
Biggs 2000). 
In the present study, neither nitrogen nor phosphorus concentrations had a 
significant effect on planktonic or benthic bacterial community structure. However, the 
samples were collected in the month of November where fertilizer was not being applied 
to the surrounding fields, and precipitation and surface runoff was minimal. Similarly, 
alkalinity and pH had no effect on either planktonic or benthic community structure. 
Dissolved oxygen (DO) is a key parameter for microbial community health and 
functionality. Accordingly, DO was measured at each site and its influence on bacterial 
community structure was analyzed. At the family level, the bacterial communities were 
significantly affected by DO concentration at both time points (November 18 and 25). In 
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contrast, benthic community structure was not affected by any water quality parameters. 
However, when benthic bacterial community structure was compared to the geographic 
distance matrix, a significant correlation was found. This correlation alludes to a direct 
structuring effect based solely on distance with no influence from water quality 
parameters. By comparison, plank.tonic communities had no geographic structuring 
effect. This finding was not unexpected, as MDS analyses showed less variation among 
benthic than plank.tonic communities over time (Fig. 2, 3 and 4), indicating that the 
community structure in the sediment is more stable and therefore more likely to be 
geographically distinct. 
When exploring the major contributors (>5% of total reads) at the family level of 
each bacterial community structure (Fig. 5-8), several patterns emerged. For instance, 
the plank.tonic bacterial communities showed an obvious restructuring between site 3 
(Cassell Creek above the wastewater effluent) to site 4 (Cassell Creek after the effluent 
convergence), a distance of about 60 meters. At both time points, this transition is 
characterized by a dramatic increase in the family Sphingobacteriaceae. This finding was 
not unexpected, as previous research has shown wastewater treatment facilities leading to 
localized spikes of this family of bacteria in the local watershed (Drury 2013). This 
effect is especially noteworthy when considering sphingobacteria are known to utilize 
herbicides and pesticides as a carbon source (Ye et al. 2004, Kampfer 2010, Lambiase 
2014). As the sites progress farther downstream into Riley Creek and then Kickapoo 
Creek with the November 18 samples, the bacterial community profile appears to become 
less influenced by the wastewater effluent and the relative abundance of 
Sphingobacteriaceae becomes less dominant (Fig. 5). This general pattern was also 
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observed during the second time point (November 25; Fig. 6), although 
Sphingobacteriaceae remained a considerable contributor to the bacterial community 
structure before emptying into the Embarras River. In contrast, the benthic communities, 
which have a tendency to be more established over time (Fig. 3), show a less pronounced 
change in community structure along the local watershed. Nevertheless, the earlier time 
point (November 18) did show relatively high levels of sphingobacteria in the benthic 
samples surrounding the Charleston Waste Water Treatment Plant. At the later time point 
(November 25) this family of bacteria was in relatively high abundance throughout the 
local watershed, including at the entry point of the Embarras River. 
Conclusion 
Currently in Illinois, wastewater treatment plants are issued discharge permits by 
the Environmental Protection Agency and must adhere to limits on specific pollutants set 
in the effluent guidelines. Specific pollutant levels must be maintained within those 
limits and be reported to the EPA to comply with the Clean Water Act (EPA, 2013). The 
only pollutant that is regulated with regards to microbial discharge are fecal coliforms. In 
the interest of public health, fecal coliforms serve as the sole indicator group for 
microbial influence to the environment (Illinois Administrative Code, 2013). Like 
historical methods of bacterial study, this is often done by culture-based assessment. 
Modem molecular based "omics" studies offer snapshots of the microbial communities 
with enough resolution to monitor indicator organisms, such as fecal coliforms, or any 
other known pathogenic agent at the genera or even species level. 
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While monitoring specific pollutants and one group of bacteria in treated effluent 
is a vital part of mitigating environmental impact by wastewater treatment plants, it is by 
no means effective at evaluating the overall environmental and biotic impact of the 
facility to the receiving aquatic environment (Amann et al. 1995, Koonin 2014). Further, 
additional chemicals (e.g. estrogens) are being discovered in water that previously had 
not been detected or are being detected at levels that may be significantly different than 
expected. In response the EPA has published a list of contaminants of emerging concern 
(CECs) of which the risk to human and environmental health associated with their 
presence, frequency of occurrence, or source is currently unknown. No current standards 
or limits exist for these CECs; however, with more investigation into their effects, new 
regulations will most likely be implemented accordingly. 
As demonstrated by the present study, modem and rapid 'omics' techniques offer 
the ability to broadly survey the microbial community in a watershed that includes a 
wastewater treatment facility. These increasingly affordable 'omics' -based snapshots of 
the microbial community structure could be used in the future to routinely monitor the 
effects of wastewater effluent on local water systems. Moreover, these technologies 
could be used for biomonitoring ecosystem health by industries that utilize and release 
large volumes of water, or have processes that utilize microbial processes, such as those 
in the agricultural, manufacturing, or food industries. 
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Appendix 
Table 1. Bacterial operational taxonomic unit (OTU) counts at the family level of the 
planktonic samples from the fourteen sites (11 /18/11 ). 
Sites 
Family 1 2 3 4 5 6 7 8 9 10 11 12 
!Acetobacteraceae 0 0 0 0 0 3 50 2 9 3 0 0 
IAcidaminococcaceae 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidimicrobiaceae 0 0 0 I 0 0 2 0 2 0 0 0 
IAcidimicrobineae 0 0 0 I 0 0 22 2 0 0 0 0 
IAcidobacteria Gp I 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp I 0 0 0 0 2 0 0 18 0 0 0 0 0 
IAcidobacteria Gp 11 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp 13 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp 15 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp 16 0 I 0 6 0 3 89 0 19 I 0 0 
IAcidobacteria Gp 17 0 I 0 5 0 0 44 0 15 0 0 0 
IAcidobacteria Gp 18 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp 19 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp2 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp20 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp2 l 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp22 0 0 0 0 0 0 0 0 2 0 0 0 
IAcidobacteria Gp23 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp25 0 0 0 0 I 0 0 0 0 0 0 0 
IAcidobacteria Gp3 0 7 0 3 0 4 I 4 I 2 0 0 
IAcidobacteria Gp4 0 2 0 13 0 0 94 I 24 I 0 0 
IAcidobacteria GpS 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp6 0 7 2 2 4 6 93 I 79 4 0 I 
IAcidobacteria Gp7 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp9 0 0 0 0 0 0 0 0 0 0 0 0 
IActinomycetaceae 0 9 0 0 0 0 0 0 I 0 0 0 
IAeromonadaceae 0 0 0 0 0 0 0 0 0 0 0 0 
IAlcaligenaceae 0 0 2 0 23 0 20 63 6 6 6 2 
1Alicyclobacillaceae 0 0 0 0 0 0 0 0 0 0 0 0 
IAiphaproteobacteria 0 0 0 0 0 0 I 0 0 0 0 0 
IAiteromonadaceae 0 0 0 5 0 0 21 I I 6 0 0 
IAnaerolineaceae 0 IO 0 0 0 0 19 7 3 0 0 0 
IAnaplasmataceae 0 0 0 0 0 0 0 0 0 0 0 0 
13 14 
2 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 I 
4 5 
0 0 
3 4 
0 0 
0 0 
0 0 
0 0 
34 12 
0 0 
0 0 
0 3 
2 I 
0 0 
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Sites 
Family I 2 3 4 5 6 7 8 9 10 11 12 13 14 
Armatimonadaceae 0 0 0 0 0 0 7 0 0 0 0 0 0 0 
Armatimonadetes Gp2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Armatimonadetes Gp4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Armatimonadetes Gp5 0 4 0 18 0 3 27 3 6 0 0 I 0 0 
Aurantimonadaceae 0 0 0 0 0 0 I 0 4 0 0 0 2 0 
Bacillaceae I 2 8 0 2 2 I 6 4 I 0 0 4 I 9 
Bacillaceae 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillales 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacteriovoracaceae 0 II 5 2 IO 14 25 3 17 9 0 5 9 6 
Bacteroidaceae 0 3 I 3 0 6 3 4 0 0 0 0 0 0 
Bacteroidetes 0 0 0 2 0 0 12 0 I 0 0 0 0 0 
Bdellovibrionaceae 4 44 I 16 4 8 22 0 5 0 0 I I 4 
Beijerinckiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bi fidobacteriaceae 0 0 0 0 0 I I 0 I 0 0 0 0 0 
Bradyrhizobiaceae 4 II 3 15 6 6 75 14 15 0 I 49 5 4 
BRCI family 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Brucellaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burkholderiaceae 23 194 151 84 181 162 610 696 247 220 49 617 478 384 
Burkholderiales I 8 5 5 0 4 50 15 56 I 0 0 I 3 
Caldilineaceae 0 0 3 0 0 0 2 0 2 0 0 0 0 0 
~ampylobacteraceae 3 26 2 14 23 26 107 15 4 2 0 12 21 12 
~arnobacteriaceae 0 5 0 I 0 I 2 0 0 0 0 0 0 0 
~aulobacteraceae 4 6 14 14 7 19 52 24 33 13 0 I 2 IO 
~ellulomonadaceae 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
~hitinophagaceae I 21 IO 20 15 7 186 54 109 18 6 26 47 23 
Chloroflexaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chromatiaceae 16 IO I 3 6 7 54 40 26 3 0 0 6 3 
Chthonomonadaceae 0 0 0 0 0 0 3 0 0 I 0 0 0 0 
Clostridiaceae I 0 3 0 4 0 I 12 0 0 0 0 0 0 0 
Clostridiaceae 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clostridiales XI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clostridiales XII 0 0 0 0 I 2 0 0 0 0 0 0 0 0 
Clostridiales Xlll 0 I 2 0 0 0 0 0 0 2 0 0 0 0 
Comamonadaceae 385 236 806 234 1522 509 2185 2980 846 557 42 408 218 851 
Conexibacteraceae 0 6 0 3 0 0 6 0 0 0 0 0 0 0 
Coriobacteriaceae 0 2 0 I 0 0 0 0 0 0 0 0 0 I 
~orynebacteriaceae 0 8 2 0 5 3 8 0 I 0 0 0 0 0 
28 
Sites 
family 1 2 3 4 5 6 7 8 9 10 l1 12 13 14 
toxiellaceae 0 8 0 8 I 0 35 0 0 0 I 0 I I 
tryomorphaceae 6 15 145 3 29 77 252 440 74 175 3 63 51 290 
tryptosporangiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
tyclobacteriaceae 0 0 0 0 0 0 0 0 0 0 0 I 0 0 
~ystobacteraceae 0 0 0 0 0 0 0 0 8 0 0 0 0 0 
~ytophagaceae 5 10 215 I 43 82 177 1206 115 339 II 199 138 541 
Deinococcaceae 0 2 0 0 0 0 2 0 8 0 0 0 0 2 
Dermabacteraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desulfobacteraceae 0 0 0 0 0 0 0 0 0 0 0 I 0 0 
Desulfobulbaceae 0 0 0 0 I 0 2 0 0 0 0 0 0 0 
Desulfomicrobiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desulfovibrionaceae 0 0 0 0 0 0 9 0 0 0 0 0 0 0 
Desulfuromonadaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dietziaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterobacteriaceae 20 20 22 5 3 46 130 14 16 5 0 4 II II 
Enterococcaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Erysipelotrichaceae 0 0 0 3 0 0 I 0 0 0 0 0 0 0 
Erythrobacteraceae 0 0 0 0 0 I 22 10 9 7 0 0 2 I 
Eubacteriaceae 0 0 0 0 0 0 0 0 I 0 0 0 0 0 
Flammeovirgaceae 0 0 0 0 0 2 5 0 0 0 0 0 0 0 
Flavobacteriaceae 18 251 1628 838 2336 1539 5022 3678 1552 1245 91 509 1274 1767 
Fusobacteriaceae 0 0 0 I 0 0 9 0 0 0 0 0 0 0 
Pammaproteobacteria 0 0 0 0 0 0 8 0 I 0 0 0 0 0 
Pemmatimonadaceae 0 I 2 0 0 0 5 0 13 II 0 0 5 0 
Geobacteraceae 0 0 3 0 2 0 2 I 0 0 0 0 0 2 
Geodermatophilaceae 0 0 0 0 0 0 6 0 75 3 0 I 0 0 
Gracilibacteraceae 0 I 2 0 0 0 0 0 0 0 0 0 0 0 
Haliangiaceae 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
Halomonadaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Helicobacteraceae 0 3 2 0 0 0 0 I 0 I 0 I 0 2 
Herpetosiphonaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Holophagaceae 0 0 0 5 0 6 27 0 I 0 0 0 0 0 
Hydrogenophilaceae 0 9 0 0 0 0 8 0 0 0 0 0 0 0 
Hyphomicrobiaceae 0 4 0 5 I 0 45 8 18 4 0 2 10 4 
Hyphomonadaceae 0 0 0 0 0 0 4 0 2 I 0 0 2 0 
lgnavibacteriaceae 0 0 0 0 0 0 2 0 2 0 0 0 0 0 
lncertae Sedis XI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
29 
Sites 
Family 1 2 3 4 5 6 7 8 9 lO II 12 13 14 
lntrasporangiaceae 0 0 0 0 0 0 0 3 0 I 0 0 0 2 
~iangellaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kineosporiaceae 0 0 0 0 0 0 I 0 10 0 0 0 0 0 
Lachnospiraceae 0 3 0 I 0 I 6 0 0 0 0 0 0 2 
Lactobacillaceae 0 0 0 0 0 0 2 I 0 0 0 0 0 I 
Legionellaceae 0 6 0 6 0 3 49 2 8 0 2 4 12 4 
Leptospiraceae 0 0 0 4 0 I I 0 0 0 0 0 0 0 
Leptotrichiaceae 0 10 0 0 0 0 0 0 0 0 0 0 0 0 
Leuconostocaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Listeriaceae 3 0 0 0 0 0 I 0 0 I 0 I 0 0 
Marinilabiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Methylobacteriaceae 0 9 I 4 3 3 4 4 81 0 0 I 2 I 
Methylococcaceae 20 164 75 49 74 60 192 162 61 24 3 12 10 75 
Methylocystaceae 0 0 0 0 0 0 0 0 I 0 0 0 0 2 
Methylophilaceae 0 0 15 0 58 12 74 104 63 37 0 3 35 45 
Microbacteriaceae 2 0 518 I 164 250 833 2194 280 344 31 165 320 540 
M icrococcaceae 0 9 0 I 9 7 2 5 II 0 0 0 0 0 
M icromonosporaceae 0 0 0 0 0 0 I 0 I 0 0 0 0 0 
Moraxellaceae 7 117 2 62 3 17 161 7 34 0 0 12 0 4 
Mycobacteriaceae I 2 0 5 0 0 17 2 0 0 0 3 3 2 
Myxococcaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nakamurellaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N annocystaceae 0 0 0 4 0 0 24 0 5 0 0 0 I 0 
Nat ran aerob i aceae 0 0 0 0 0 0 4 0 0 0 0 0 0 0 
Neisseriaceae I 5 2 5 I 4 136 I 0 I 0 8 I 3 
Nitrosomonadaceae 0 0 0 0 0 0 6 2 0 0 0 I 0 0 
N itrospiraceae 0 5 0 6 0 2 14 0 3 0 0 5 0 0 
Nocardiaceae I 12 0 44 0 4 65 0 8 0 0 0 I 0 
Nocardioidaceae 0 I 3 0 0 0 7 0 2 0 0 0 0 0 
Oceanospirillaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ODI family 0 5 9 0 16 16 9 3 4 4 0 0 I 5 
OPI I family 0 2 0 0 0 0 2 0 0 0 0 0 0 0 
Opitutaceae I I 4 I 0 9 59 15 9 II 0 I 7 16 
Oxalobacteraceae 0 9 0 3 8 9 40 9 22 4 0 5 10 12 
Paenibacillaceae I I 7 I 0 0 10 0 4 5 0 0 0 0 0 
Paenibacillaceae 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parachlamydiaceae 0 4 0 I 0 2 23 0 0 0 0 0 I 0 
30 
Sites 
Family I 2 3 4 5 6 7 8 9 lO II 12 13 14 
Pasteurellaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
Pasteuriaceae 0 I 0 5 0 0 21 0 3 0 0 0 0 0 
Patul ibacteraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Peptococcaceae I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Peptostreptococcaceae 4 2 0 II 0 5 II 0 2 I 0 0 3 0 
Phaselicystidaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phycisphaeraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phy I lobacteriaceae 0 3 0 2 0 2 32 3 3 4 0 8 2 2 
Dlanctomycetaceae 2 35 0 54 0 II 397 8 29 14 0 0 4 3 
Planococcaceae 0 0 0 0 0 0 0 0 I 0 0 0 3 0 
Polyangiaceae 0 6 0 10 0 I 22 0 II 0 0 0 0 I 
Porphyromonadaceae 4 I I I 0 3 22 7 3 0 0 I 0 3 
Prevo tel laceae I 0 0 9 0 3 13 0 0 0 0 0 0 0 
Promicromonosporaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Propionibacteriaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonadaceae 13 56 6 II 13 32 349 15 45 13 3 10 22 12 
Pseudomonadales 0 0 0 0 0 0 0 0 0 0 0 0 I 0 
Pseudonocardiaceae 0 0 0 0 0 0 0 I 2 0 0 4 I 0 
Puniceicoccaceae 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
Rhizobiaceae 0 4 9 I 0 2 4 2 2 0 0 0 0 3 
Rhizobiales I 0 0 0 0 0 I 0 0 0 0 0 0 0 
Rhodobacteraceae 0 5 4 13 21 16 205 31 137 8 I 12 13 7 
Rhodobiaceae 0 0 0 0 0 0 0 2 8 0 0 0 0 0 
Rhodocyclaceae 3 57 3 171 0 31 464 23 45 4 0 II 9 13 
Rhodospirillaceae 0 6 2 II 2 3 17 0 3 0 0 0 I 0 
Rhodothermaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rickettsiaceae I 7 2 8 0 2 12 0 9 0 0 0 0 0 
Rikenellaceae 0 0 0 0 0 0 0 0 0 0 0 3 0 0 
IRubritaleaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rubrobacteraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ruminococcaceae 0 13 I I 0 3 8 I 6 0 0 0 2 2 
~aprospiraceae 0 0 0 3 0 0 21 0 3 0 0 0 0 0 
~hewanellaceae 0 0 0 0 0 0 I 0 0 I 0 0 0 I 
~imkaniaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
~inobacteraceae 0 0 0 0 0 0 3 I 3 0 0 0 0 2 
Solirubrobacteraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spartobacteria 0 0 0 I 0 I 41 5 14 0 0 I I 0 
31 
Sites 
Family I 2 3 4 5 6 7 8 9 lO ll 12 13 14 
Sphaerobacteraceae 0 0 3 0 0 0 I 0 0 0 0 0 0 0 
Sphingobacteriaceae 126 1698 23 2256 63 1438 4780 110 899 45 4 217 15 20 
Sphingomonadaceae 3 12 3 31 12 19 207 203 107 42 I 8 3 16 
Spirillaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spirochaetaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
~porichthyaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
~RI family 0 I I 7 I 2 29 8 6 3 0 I 0 0 
~taphylococcaceae I 19 I 2 6 3 2 2 I II 3 0 0 2 
~treptococcaceae 0 13 0 4 6 0 7 2 5 2 0 I II 0 
~treptomycetaceae 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
~treptosporangiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Subdivision 3 family 2 6 3 12 I 0 121 0 17 5 0 0 3 0 
~ubdivision 5 family 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
~ynergistaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
~yntrophaceae I 0 2 0 0 0 0 0 3 I 0 0 0 0 
~yntrophobacteraceae 0 0 0 0 0 0 I 0 2 0 0 0 0 0 
~yntrophomonadaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
~yntrophorhabdaceae 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
rT'hermaceae 0 0 0 0 0 0 0 0 I 0 0 0 0 0 
rT'hermoactinomycetaceae I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
rrhermoleophilaceae 0 0 0 0 0 0 4 0 2 0 0 0 0 0 
rrhermomonosporaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
rrh iotrichaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
rrhiotrichales 0 4 0 5 0 0 4 0 2 0 0 2 0 9 
rrM7 family 0 6 0 2 2 0 II 0 4 0 0 0 I 0 
rrrueperaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Unclassified 130 1710 497 1617 489 1021 7108 2267 1360 637 52 322 360 794 
IVeillonellaceae 0 I 0 8 0 0 II I I 0 0 0 0 0 
Verrucomicrobiaceae 0 I 4 5 0 10 207 26 42 7 I I 5 7 
Yibrionaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Yictivallaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
WS3 family 0 I 0 8 0 0 7 I I 0 0 0 0 0 
Xanthobacteraceae 0 0 0 0 0 0 5 0 0 0 0 0 I 0 
Xanthomonadaceae 3 41 9 50 6 18 27 1 17 54 37 8 5 9 16 
Total OTUs 824 5048 4233 5864 5186 5585 25862 14545 6875 3903 319 2738 3204 5587 
32 
Table 2. Bacterial operational taxonomic unit (OTU) counts at the family level of the 
planktonic samples from the fourteen sites (11/25111 ). 
Sites 
Family 1 2 3 4 5 6 7 8 9 10 11 12 
IAcetobacteraceae 6 9 16 8 6 0 0 2 7 9 17 0 
IAcidaminococcaceae 0 3 0 0 0 0 0 0 0 0 0 0 
IAcidimicrobiaceae 0 0 0 0 I 0 0 I 3 I 0 0 
IAcidimicrobineae I 5 0 3 0 0 0 0 2 8 15 0 
IAcidobacteria Gp I 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp I 0 2 14 0 3 2 I 0 5 9 9 18 0 
IAcidobacteria Gp 11 0 0 0 0 0 0 0 I 0 0 5 0 
V\cidobacteria Gp 13 0 0 0 0 0 0 0 0 0 0 0 0 
IAcidobacteria Gp 15 0 0 0 0 0 0 0 0 I 0 0 0 
IAcidobacteria Gp 16 3 18 0 6 7 6 I 24 27 21 60 0 
IAcidobacteria Gp 17 2 12 0 6 3 3 0 21 15 II 30 4 
V\cidobacteria Gp 18 0 0 0 0 0 0 0 0 2 0 I 0 
V\cidobacteria Gp 19 0 0 0 0 0 0 0 0 0 0 0 0 
V\cidobacteria Gp2 0 0 0 0 3 0 0 2 0 0 0 0 
IAcidobacteria Gp20 0 0 0 0 0 0 0 0 0 0 0 0 
V\cidobacteria Gp2 I 0 0 0 0 0 0 0 0 0 0 0 0 
Acidobacteria Gp22 0 0 0 0 0 0 0 5 5 0 8 0 
Acidobacteria Gp23 0 0 0 0 0 0 0 0 0 0 0 0 
V\cidobacteria Gp25 0 0 0 0 0 0 0 0 0 0 I 0 
V\cidobacteria Gp3 7 6 2 9 2 0 4 2 2 5 18 0 
V\cidobacteria Gp4 23 67 3 14 I I 0 25 21 42 77 I 
IAcidobacteria Gp5 0 0 0 0 0 0 0 0 0 0 2 0 
IAcidobacteria Gp6 8 2 1 I II 13 2 5 57 51 49 157 I 
IAcidobacteria Gp7 0 0 0 0 0 0 0 2 0 3 9 0 
IAcidobacteria Gp9 0 0 0 0 0 0 0 0 0 0 I 0 
IActinomycetaceae 0 0 2 0 0 0 0 0 0 0 0 0 
IAeromonadaceae 0 2 0 I 0 0 0 0 0 0 0 0 
V\lcaligenaceae I 0 23 I 15 0 I 7 2 2 13 I 
V\licyclobacillaceae 0 0 0 0 0 0 0 0 0 2 0 0 
V\lphaproteobacteria 0 0 0 0 0 I 0 0 I I 6 0 
Alteromonadaceae 10 49 0 13 13 2 0 2 6 9 34 0 
Anaerolineaceae 0 I I I 4 I 0 4 8 15 29 0 
V\naplasmataceae I 9 0 3 0 0 I 0 I 0 0 0 
13 14 
40 5 
0 0 
40 2 
33 2 
0 0 
45 5 
5 I 
I 0 
5 I 
199 38 
93 12 
0 I 
0 0 
4 0 
0 0 
0 0 
20 4 
0 0 
2 0 
55 12 
284 61 
5 0 
484 67 
6 I 
3 0 
2 I 
0 0 
II 2 
4 2 
22 I 
27 8 
75 8 
0 0 
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Sites 
Family 1 2 3 4 s 6 7 8 9 LO 11 12 13 14 
~rmatimonadaceae 0 0 0 0 2 0 0 0 0 0 6 0 I 2 
lA.rmatimonadetes Gp2 0 0 0 0 0 0 0 0 0 0 I 0 3 0 
~rmatimonadetes Gp4 0 0 0 0 0 0 0 0 0 0 0 0 0 I 
Armatimonadetes Gp5 II 46 0 22 4 6 9 I 8 7 25 0 39 5 
Aurantimonadaceae 0 0 0 0 2 0 0 I 0 0 0 0 4 2 
Bacillaceae I 0 I I 0 2 3 0 0 0 0 2 0 0 0 
Bacillaceae 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bacillales 0 0 0 0 0 0 0 I I 0 3 0 5 0 
Bacteriovoracaceae 3 8 37 2 8 7 17 2 10 I 16 3 33 9 
Bacteroidaceae 0 5 3 12 16 0 6 0 2 0 3 0 0 0 
Bacteroidetes 2 7 0 I 0 4 3 0 2 0 8 0 8 2 
Bdellovibrionaceae 19 54 II 13 I 6 12 0 14 12 6 5 28 7 
Beijerinckiaceae 0 0 0 I I I 0 0 0 0 0 0 0 0 
Bifidobacteriaceae 0 3 0 0 0 2 0 0 0 0 0 0 0 I 
Bradyrhizobiaceae 12 25 34 19 7 I 3 7 10 17 35 0 115 II 
BRCI family 0 0 0 0 0 0 0 0 0 0 0 0 I 0 
Brucellaceae 0 0 0 0 0 0 0 0 0 0 I 0 7 0 
Burkholderiaceae 18 45 249 29 97 70 86 109 74 24 369 123 266 48 
Burkholderiales 13 9 16 4 51 2 4 24 19 15 59 I 230 IO 
Caldilineaceae 0 I 0 2 0 0 0 3 4 5 7 0 13 7 
Campylobacteraceae 43 83 14 79 90 43 87 9 30 0 38 12 IO 5 
Carnobacteriaceae 2 8 0 0 2 I 4 0 2 2 4 0 2 I 
Caulobacteraceae 7 16 527 II 19 I 5 14 34 9 44 9 123 19 
Cellulomonadaceae 0 0 0 0 2 0 0 0 2 5 4 0 20 3 
Chitinophagaceae 34 53 199 18 57 7 14 47 75 52 155 12 488 57 
Chloroflexaceae 0 0 0 0 0 0 0 0 0 0 0 0 9 0 
Chromatiaceae 0 3 8 3 26 3 2 I 7 2 26 5 16 IO 
Chthonomonadaceae 0 0 0 0 0 0 0 I 0 0 0 0 0 0 
Clostridiaceae I 0 8 I 2 2 2 I 3 5 3 5 I 29 7 
Clostridiaceae 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clostridiales XI 0 0 0 0 0 0 0 0 0 0 0 0 II 0 
Clostridiales XII 0 0 I 3 0 0 0 I 2 0 I I I 0 
2lostridiales XIII 0 0 0 0 0 0 I 0 0 0 0 0 6 0 
2omamonadaceae 55 164 946 92 1287 214 533 912 421 321 889 454 1776 206 
Conexibacteraceae I 9 0 3 4 2 0 I IO 19 20 0 44 2 
Coriobacteriaceae 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Corynebacteriaceae 0 0 0 0 0 0 6 2 0 I I 0 2 I 
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Sites 
Family 1 2 3 4 5 6 7 8 9 LO II 12 J3 14 
K:oxiellaceae 6 7 3 I 3 0 4 I 3 0 7 0 2 4 
K:ryomorphaceae I I 21 5 9 13 II 12 6 10 26 12 18 10 
tryptosporangiaceae 0 0 0 0 0 0 0 0 0 I 0 0 0 I 
tyclobacteriaceae 0 0 0 0 0 0 0 I 0 0 6 0 I I 
tystobacteraceae 0 0 0 0 I 0 0 2 8 3 19 0 34 3 
tyiophagaceae 0 0 243 I 66 I II 82 28 7 70 36 133 25 
Deinococcaceae 0 0 35 0 0 0 0 0 5 I 0 0 0 0 
Dermabacteraceae 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Desul fobacteraceae 0 0 0 0 0 0 0 0 0 5 0 0 2 2 
Desulfobulbaceae 0 0 0 2 7 0 0 0 2 0 5 0 5 2 
Desulfomicrobiaceae 0 0 I 0 0 0 0 0 0 0 0 0 2 0 
Desulfovibrionaceae 0 I 2 I 0 3 0 0 0 0 I 0 0 0 
Desulfuromonadaceae 0 0 0 I I 0 0 I I 0 I 0 I 0 
Dietziaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterobacteriaceae 5 13 80 21 6 7 28 2 80 2 16 3 32 4 
Enterococcaceae 0 0 8 I 0 0 0 I 0 0 0 0 9 I 
Erysipelotrichaceae 0 I 0 0 I I 0 0 0 0 0 0 2 0 
Erythrobacteraceae 0 0 27 0 5 0 I 5 7 0 21 0 3 1 0 
Eubacteriaceae I 0 0 0 I 0 0 0 0 0 0 0 I 0 
Flammeovirgaceae 2 2 2 0 I 0 0 I 0 0 5 0 12 0 
Flavobacteriaceae 59 405 781 136 809 79 253 324 263 268 613 234 1125 203 
Fusobacteriaceae 4 3 0 9 I 10 15 0 2 0 6 2 3 0 
Kiammaproteobacteria I 2 I 2 0 0 0 I 0 0 4 0 3 0 
Kiemmatimonadaceae 4 5 14 6 4 0 0 16 8 8 39 0 89 12 
Kieobacteraceae 0 I 0 0 3 0 0 0 4 I 13 0 14 2 
Kieodermatophilaceae 0 0 0 0 2 0 0 I l 0 5 0 4 0 
Gracilibacteraceae 0 I 0 0 0 2 0 0 0 0 0 0 0 0 
Haliangiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 I 
Halomonadaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Helicobacteraceae 0 0 IO 0 I 5 l 6 2 0 3 2 2 I 
Herpetosiphonaceae 0 0 0 0 0 I I 0 0 0 2 0 2 2 
Holophagaceae 2 I 0 0 0 0 0 I 5 0 3 I 19 3 
Hydrogenoph i laceae 0 0 3 0 0 0 0 0 I 0 I 0 II 0 
Hyphomicrobiaceae 3 26 17 3 5 I 3 20 13 24 59 0 191 23 
Hyphomonadaceae 0 0 0 0 0 0 0 0 0 I 12 0 15 2 
I gnav i bacteri aceae 0 0 0 0 3 0 0 I I 2 3 0 12 2 
lncertae Sedis XI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Sites 
Family I 2 3 4 5 6 7 8 9 10 l1 12 13 14 
lntrasporangiaceae 0 0 0 0 0 0 0 I 5 2 8 0 15 3 
Uiangellaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kineosporiaceae 0 0 I 0 I 0 2 I 4 17 20 0 40 10 
Lachnospiraceae I 5 5 II IO 0 14 I 2 0 5 0 3 2 
Lactobacillaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Legionellaceae 4 10 3 8 8 3 II I 6 0 15 3 14 2 
leptospiraceae 6 17 0 7 2 2 3 0 0 4 3 0 15 I 
Leptotrichiaceae 2 I 0 2 0 I 4 0 0 0 0 0 I 0 
Leuconostocaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Listeriaceae 0 I 0 0 0 0 0 0 0 0 0 0 3 0 
Marinilabiaceae 0 0 0 0 3 0 0 0 0 0 0 0 0 I 
Methylobacteriaceae 0 I 2 0 2 0 2 0 I I 3 0 20 I 
Methylococcaceae 15 63 56 17 37 16 32 28 36 9 63 37 177 36 
Methylocystaceae 0 0 0 0 0 0 0 0 0 0 2 0 I 0 
Methylophilaceae 0 0 15 0 35 3 3 53 19 II 57 15 148 10 
M icrobacteriaceae 2 15 97 4 21 22 42 112 30 23 62 80 137 38 
M icrococcaceae 0 0 0 0 I 0 2 2 2 3 IO 0 46 3 
M icromonosporaceae 0 0 0 0 0 0 I 0 8 6 10 I 28 3 
Moraxellaceae 39 110 10 63 35 47 90 IO 38 12 28 9 83 5 
Mycobacteriaceae 4 10 I 3 0 2 2 I 2 6 5 0 35 2 
Myxococcaceae 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
Nakamurellaceae 0 0 0 0 0 0 0 0 0 0 3 0 3 0 
N annocystaceae I 23 0 4 8 2 3 4 4 6 15 2 18 4 
Natranaerobiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Neisseriaceae 4 II 2 13 2 5 22 2 4 5 4 5 23 2 
Nitrosomonadaceae 0 0 38 0 0 0 0 0 I 0 3 0 0 0 
Nitrospiraceae 7 28 2 8 3 2 6 5 4 3 12 I 40 II 
INocardiaceae 36 69 I 37 I 2 17 3 21 49 55 3 111 22 
INocardioidaceae 0 0 I 4 I 0 2 I 2 12 12 I 40 4 
Pceanospiri llaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
bDI family IO 16 8 21 9 16 16 5 I I 7 2 23 2 
bPI I family 0 I 0 I 0 0 I 0 3 0 0 0 7 0 
Ppitutaceae I 5 6 4 II 4 10 I 6 5 30 9 87 12 
Pxalobacteraceae 2 2 25 I 84 10 15 7 14 6 48 13 60 14 
Paenibacillaceae I 0 0 I 2 0 0 0 4 0 0 0 0 4 0 
Paenibacillaceae 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parachlamydiaceae 2 I 8 I 0 0 3 0 0 0 4 0 21 3 
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Sites 
Family I 2 3 4 5 6 7 8 9 10 It 12 13 14 
Pasteurellaceae lo lo IO IO lo 0 Kl Kl Kl Kl Kl Kl JO lo 
Pasteuriaceae 12 8 14 IO 12 0 12 12 I 14 12 b 143 5 
Patulibacteraceae lo lo IO IO b 0 0 0 0 Kl lo 0 JO kl 
Peptococcaceae I kl lo IO b lo 0 0 0 0 0 I 0 JO lo 
Peptostreptococcaceae I 14 I 12 I 3 13 I 12 5 7 JO 15 kl 
Phaselicystidaceae IO kl JO IO I 0 Kl lo IO IO kl IO IO kl 
Phycisphaeraceae IO kl IO IO lo 0 Kl lo 0 IO kl b lo Kl 
Phyllobacteriaceae I I 14 13 lo 0 I I 0 6 10 0 14 5 
Planctomycetaceae 148 139 14 53 15 7 17 32 48 64 142 6 1320 ~5 
Planococcaceae b lo JO JO lo 0 IO kl IO JO lo 0 IO kl 
Polyangiaceae 19 19 12 ~ I I I 13 13 5 129 0 163 8 
Porphyromonadaceae I 8 5 5 5 14 14 14 5 14 14 JO 15 5 
Prevotellaceae kl 16 0 I 1 8 0 I 2 b 12 0 8 kl 
IPromicromonosporaceae kl lo 0 IO b 0 0 0 0 0 0 0 0 kl 
Propionibacteriaceae kl lo IO JO lo 0 IO lo IO IO lo 0 Kl IO 
Pseudomonadaceae 13 124 193 133 50 16 127 15 141 64 118 8 1250 133 
Pseudomonadales kl lo 0 kl 0 0 IO b IO IO kl IO IO kl 
Pseudonocardiaceae kl lo 12 kl 13 0 0 0 I IO 5 0 4 kl 
Puniceicoccaceae kl b kl b b 0 I 0 0 0 0 0 2 kl 
IRhizobiaceae kl 10 II lo 1:3 0 14 I 12 13 IO kl 13 5 
Rhizobiales 1 IO kl lo 16 1 b 0 b b I b 1 kl 
Rhodobacteraceae 14 71 137 17 57 3 5 72 70 59 183 14 565 167 
Rhodobiaceae kl IO 1226 kl Kl 0 0 0 3 I ki 0 12 kl 
Rhodocyclaceae 1319 1963 19 1288 88 33 35 31 81 53 127 6 1240 18 
Rhodospirillaceae 14 16 13 I 12 0 14 14 0 16 129 IO 139 13 
Rhodothermaceae kl lo I kl I 0 b b 0 b kl IO kl kl 
Rickettsiaceae 7 18 12 14 I 6 16 b 7 IO kl 13 IO kl 
Rikenellaceae IO lo IO IO lo 0 0 0 1 Kl Kl 0 IO 19 
Rubritaleaceae 0 lo 0 0 0 0 0 2 ) 0 0 0 IO Kl 
Rubrobacteraceae kl 0 IO kl lo 0 kl b 0 kl I JO 5 I 
Ruminococcaceae 12 12 13 5 7 12 14 12 4 I 8 JO 14 kl 
Saprospiraceae 7 12 JO 5 5 0 IO 12 9 5 19 I 133 12 
Shewanellaceae IO kl JO IO b 0 0 kl ) 0 b 0 lo kl 
Simkaniaceae IO b IO b 0 0 I kl 0 0 0 0 kl b 
Sinobacteraceae lo 12 12 12 0 0 kl I 14 I 5 b 124 lo 
lsolirubrobacteraceae kl lo I kl 14 0 kl lo lo b ki kl I lo 
lspartobacteria I 13 I kl 13 14 12 5 I II 134 IO 196 5 
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Sites 
Family I 2 3 4 5 6 7 8 9 tO It 12 13 14 
~phaerobacteraceae 0 0 0 0 0 0 0 I 0 0 0 0 0 I 
~phingobacteriaceae 412 1535 464 884 39 492 730 53 509 577 434 79 1133 171 
~phingomonadaceae 19 32 216 24 IOI 0 19 41 60 38 173 3 541 61 
~pirillaceae 0 I 0 0 0 2 0 0 0 0 0 0 0 0 
~pirochaetaceae 0 0 2 0 I 0 0 0 0 0 0 0 0 0 
~porichthyaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
~RI family 2 31 0 16 3 4 16 0 4 I 3 I 7 I 
~taphylococcaceae 0 I 5 0 I 0 5 0 0 I 0 0 I 0 
~treptococcaceae 5 2 3 3 3 0 I 0 I 0 2 0 21 3 
~treptomycetaceae 0 0 0 0 0 0 0 0 I 0 I 0 14 I 
~treptosporangiaceae 0 0 0 0 0 0 0 0 0 0 0 0 I 0 
~ubdivision 3 family 36 59 2 33 13 4 4 14 16 8 41 3 100 18 
~ubdivision 5 family 0 I 0 I I 0 0 0 0 0 2 0 I 0 
~ynergistaceae I 0 0 0 4 I 0 0 0 0 0 0 0 0 
~yntrophaceae 0 0 II I 0 0 I I I 0 0 0 3 0 
~yntrophobacteraceae 0 0 2 2 0 0 0 0 2 I 0 0 I I 
~yntrophomonadaceae 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
~yntrophorhabdaceae 0 0 I 0 0 0 3 0 0 2 0 0 0 0 
rThermaceae 0 0 0 0 0 0 0 I 0 0 0 0 4 0 
rThermoactinomycetaceae I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
rThermoleophilaceae 0 I 0 0 0 I 0 0 I I 6 0 7 I 
rrhermomonosporaceae 0 0 0 0 0 0 0 0 0 0 I 0 0 2 
rrhiotrichaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
rrhiotrichales 5 13 0 5 0 2 7 0 I I I 0 0 0 
rTM7 family 2 6 I 4 0 4 7 5 0 0 0 0 6 0 
rrrueperaceae 0 0 0 0 0 0 0 0 0 0 0 0 I 0 
Unclassified 2353 5137 1073 2659 824 1036 1737 767 1500 1494 3186 364 8177 1269 
Veillonellaceae I I 0 2 4 I I 4 0 I 0 0 3 I 
Verrucomicrobiaceae 5 15 147 5 35 4 3 25 40 23 114 4 366 40 
Vibrionaceae 0 0 0 0 0 0 0 0 0 0 0 0 3 0 
Victivallaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
WS3 family 2 18 0 7 2 0 I 2 3 3 8 0 17 I 
Xanthobacteraceae 0 0 0 0 0 0 0 0 0 0 I 0 2 0 
Xanthomonadaceae 68 92 831 71 29 6 IO 48 116 142 196 3 426 77 
Total OTUs 3859 9855 6926 4940 4263 2297 4108 3160 4088 3784 8591 1589 20325 3024 
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Table 3. Bacterial operational taxonomic unit (OTU) counts at the family level of the 
benthic samples from the fourteen sites (11/18111 ). 
Sites 
Family l 2 3 4 5 6 7 8 9 10 11 12 
Acetobacteraceae 0 35 27 0 21 39 45 82 42 41 76 30 
Acidaminococcaceae 0 0 0 0 0 0 0 0 0 0 0 0 
Acidimicrobiaceae 0 5 9 0 17 28 41 61 18 46 53 29 
Acidimicrobineae 31 21 I 14 0 20 19 9 6 I 23 6 
Acidobacteria Gp I 0 0 0 0 0 0 0 0 2 0 0 2 
Acidobacteria Gp I 0 35 110 I 23 10 37 89 26 36 2 21 12 
Acidobacteria Gp 11 0 I 0 0 I 3 5 5 2 0 JO 5 
Acidobacteria Gp 13 0 0 0 0 I 0 0 0 0 0 2 0 
Acidobacteria Gp 15 0 0 0 0 I 2 2 0 0 0 9 0 
Acidobacteria Gp 16 96 55 23 41 59 193 172 169 64 106 456 108 
Acidobacteria Gpl 7 10 76 8 17 53 141 253 153 48 41 212 61 
Acidobacteria Gp I 8 0 0 0 0 I 4 2 5 5 0 16 0 
Acidobacteria Gp 19 0 0 0 0 0 I 0 2 0 0 0 0 
Acidobacteria Gp2 0 I 0 0 2 6 I 0 0 0 16 0 
Acidobacteria Gp20 0 0 0 0 0 0 0 0 0 0 0 0 
Acidobacteria Gp2 I 0 0 0 0 0 0 0 0 0 0 I 0 
Acidobacteria Gp22 0 I I 3 20 14 89 39 3 I 8 58 10 
Acidobacteria Gp23 0 0 0 0 0 2 3 I 0 0 7 I 
Acidobacteria Gp25 0 0 0 0 0 5 2 0 I 0 13 3 
Acidobacteria Gp3 0 24 9 4 20 12 92 74 28 12 67 17 
Acidobacteria Gp4 149 598 20 69 64 241 464 139 234 90 134 187 
Acidobacteria Gp5 0 0 0 0 0 2 0 I 3 0 8 0 
Acidobacteria Gp6 II 149 62 36 325 622 1343 732 51 I 280 903 223 
Acidobacteria Gp7 I 3 3 0 4 31 16 13 8 8 20 10 
V\cidobacteria Gp9 0 0 0 0 0 3 3 4 I 0 5 I 
V\ctinomycetaceae 2 2 0 0 0 0 0 0 0 0 2 2 
~eromonadaceae 0 0 0 0 0 0 0 0 0 0 0 0 
V\lcaligenaceae 0 I 0 0 I I 4 2 I 3 3 I 
V\licyclobacillaceae 0 0 0 0 I I 5 0 0 4 6 0 
V\lphaproteobacteria 0 I I 5 0 II 0 9 6 4 2 6 
Alteromonadaceae 14 109 22 5 I 52 II 52 88 18 21 16 
Anaerolineaceae I 7 7 17 17 72 58 80 7 27 118 32 
Anaplasmataceae 0 0 I 0 0 0 0 0 0 0 0 0 
13 14 
22 0 
0 0 
12 2 
5 I 
0 0 
5 4 
I I 
0 0 
0 0 
69 12 
38 5 
2 0 
0 0 
4 0 
0 0 
3 0 
6 0 
0 0 
2 0 
13 0 
51 4 
I 0 
188 15 
2 0 
0 0 
0 0 
0 0 
0 0 
0 0 
I I 
6 I 
13 0 
0 0 
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Sites 
Family I 2 3 4 5 6 7 8 9 10 l1 12 J3 14 
Armatimonadaceae 0 I 6 0 I 3 I 4 2 5 12 2 6 0 
Armatimonadetes Gp2 0 0 0 0 0 I I 0 0 0 I 0 0 0 
Armatimonadetes Gp4 0 0 0 0 I 2 0 7 2 0 0 4 I 0 
Armatimonadetes Gp5 85 88 I 28 0 30 14 14 39 15 26 6 3 I 
Aurantimonadaceae 0 0 0 0 0 0 7 3 0 2 0 0 2 0 
Bacillaceae I I 0 I I 4 3 0 0 2 4 2 0 6 0 
Bacillaceae 2 0 0 0 0 0 0 0 0 0 0 0 0 I 0 
Bacillales 7 0 0 0 0 4 2 0 0 I 18 IO 5 0 
Bacteriovoracaceae 0 10 2 I 14 18 6 19 6 17 18 0 3 0 
Bacteroidaceae 0 0 5 0 0 0 0 I 0 I 0 0 0 0 
Bacteroidetes 0 II 3 4 6 21 5 17 7 4 7 13 3 0 
Bdellovibrionaceae 3 70 2 17 5 18 5 4 6 12 4 I 0 0 
Beijerinckiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bifidobacteriaceae 4 3 0 0 2 0 0 0 0 3 0 I 0 0 
Bradyrhizobiaceae 27 50 5 43 28 70 131 33 45 24 7 24 9 0 
BRCI family 0 0 0 I 0 4 0 0 4 0 0 0 0 0 
Brucellaceae I 0 0 0 0 3 0 0 0 I 0 2 0 0 
Burkholderiaceae 14 28 3 5 48 37 79 31 13 10 98 12 29 2 
Burkholderiales 0 49 23 3 142 121 238 160 68 48 120 34 15 0 
Caldilineaceae IO 2 5 5 14 22 33 17 23 14 31 5 3 0 
Campylobacteraceae 0 16 2 0 3 3 5 0 7 24 5 0 0 0 
¢amobacteriaceae 40 14 0 6 4 5 0 0 5 5 2 6 0 0 
Caulobacteraceae 16 40 II 14 65 58 162 51 54 42 107 35 24 I 
Cellulomonadaceae 0 3 I 3 2 15 0 3 0 0 0 4 I 0 
~hitinophagaceae 18 269 63 85 302 354 980 308 501 269 474 172 71 6 
Chlorotlexaceae 0 0 0 0 0 0 0 0 0 0 8 I 0 0 
Chromatiaceae 0 0 2 0 22 5 IO 6 2 19 II 4 5 0 
Chthonomonadaceae 0 0 0 0 I 4 8 I 2 I 6 I 0 0 
Clostridiaceae I 23 7 22 I 5 12 I 5 100 82 12 2 8 0 
Clostridiaceae 2 0 0 0 0 0 0 0 0 0 0 3 0 0 0 
2 1ostridiales XI 0 0 0 0 0 0 0 0 0 2 0 2 0 0 
Clostridiales XII 0 0 I 2 0 I 0 4 0 IO 0 0 0 I 
2 1ostridiales XIII 0 I 0 0 0 I 0 I 2 2 0 0 0 0 
Comamonadaceae 114 2468 318 191 11 28 1266 2240 928 11 03 62 1 11 51 432 262 23 
Conexibacteraceae 65 17 0 15 3 30 2 3 5 9 12 6 2 I 
Coriobacteriaceae 0 0 0 0 0 0 0 10 0 I 4 0 2 0 
Corynebacteriaceae 0 I 0 0 6 5 I 0 0 3 2 8 5 0 
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Sites 
Family I 2 3 4 5 6 7 8 9 10 11 12 13 14 
toxiellaceae 8 22 0 2 0 4 0 8 12 I 0 3 0 0 
k:ryomorphaceae 0 20 2 I 18 23 16 24 14 10 64 6 6 0 
k:ryptosporangiaceae 0 0 0 I 0 0 0 0 0 0 0 0 0 0 
k:yclobacteriaceae 0 4 2 I I 0 4 8 3 5 7 3 0 0 
k:ystobacteraceae 0 I 0 3 29 51 149 78 3 7 23 II 2 I 
k:ytophagaceae 4 24 37 4 73 32 84 31 46 68 146 4 52 0 
Deinococcaceae 3 0 0 0 I 0 4 0 0 2 0 0 0 0 
Dermabacteraceae 0 I 0 0 0 0 0 0 0 0 0 0 0 0 
Desul fobacteraceae 0 0 I 2 I 2 7 44 I I 0 3 2 0 
Desulfobulbaceae 0 0 5 I I 3 2 96 0 7 I 2 3 0 
Desulfomicrobiaceae 0 0 0 I I I 0 I 0 0 0 0 0 0 
Desulfovibrionaceae 0 0 0 0 0 I 0 0 3 0 0 0 0 0 
IDesulfuromonadaceae 0 0 3 2 I 3 6 86 2 0 16 0 2 0 
Dietziaceae 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Enterobacteriaceae 2 22 0 5 2 8 4 6 33 14 9 2 4 0 
Enterococcaceae I 0 0 0 0 0 0 0 0 0 0 0 0 0 
IErysipelotrichaceae 6 2 0 0 0 4 2 2 I 2 0 0 0 0 
Erythrobacteraceae 0 3 4 2 18 31 57 59 33 52 40 19 II 0 
Eubacteriaceae I 0 0 0 I I 0 3 I 0 0 I 0 0 
Flammeovirgaceae 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
Flavobacteriaceae 356 1555 67 273 311 608 176 155 229 468 464 82 54 3 
Fusobacteriaceae 0 0 4 0 0 0 0 0 17 I 0 0 0 0 
bammaproteobacteria 0 0 0 0 I 0 6 I 0 0 0 0 I 0 
KJemmatimonadaceae 0 30 7 6 46 29 128 114 52 32 149 28 42 3 
KJeobacteraceae 0 3 22 8 8 9 30 130 15 27 34 8 II 0 
KJeodermatophilaceae 9 16 3 I 5 I 2 5 8 3 9 7 I 0 
KJracilibacteraceae 0 0 0 0 0 0 0 I 0 2 4 6 0 0 
Haliangiaceae 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
Halomonadaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Helicobacteraceae 0 0 I 0 2 2 0 51 0 I 26 0 10 0 
Herpetosiphonaceae 0 2 I 4 0 5 0 0 4 7 0 0 0 0 
Holophagaceae 0 5 2 5 0 15 5 26 4 39 0 15 I 0 
Hydrogenophilaceae 0 I 2 0 7 12 I 24 5 I 17 I I 0 
Hyphomicrobiaceae 55 76 40 25 51 152 318 273 211 64 146 61 24 12 
Hyphomonadaceae 0 0 2 0 7 5 13 17 26 8 24 5 0 0 
gnavibacteriaceae 0 2 I 3 6 I 27 14 5 4 44 3 6 0 
.1ncertae Sedis XI 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
41 
Sites 
Family I 2 3 4 5 6 7 8 9 10 ll 12 13 14 
lntrasporangiaceae 7 0 3 3 10 II 23 28 16 3 22 8 7 3 
J iangellaceae 0 0 0 0 0 I 2 0 0 0 0 0 2 0 
Kineosporiaceae 0 3 0 28 I 32 3 0 I 4 13 2 0 0 
~achnospiraceae 5 7 0 0 I 2 0 2 2 9 I 0 3 0 
Lactobacillaceae 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
Legionellaceae 4 5 0 0 2 3 2 8 15 6 6 16 0 0 
Leptospiraceae 0 69 I 2 I 6 5 2 0 6 0 8 0 0 
Leptotrichiaceae 0 3 0 0 0 0 0 0 0 0 0 0 0 0 
Leuconostocaceae 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
Listeriaceae I 0 0 0 0 0 0 I 2 0 0 0 0 0 
Marinilabiaceae 0 0 0 I 0 0 0 7 0 3 0 0 0 0 
Methylobacteriaceae 0 I 0 4 4 4 4 II I II II 6 2 0 
Methylococcaceae 8 38 21 10 32 41 117 126 44 36 185 82 45 3 
Methylocystaceae 0 0 I 0 4 2 I 30 I 8 5 7 3 I 
Methylophilaceae 0 3 31 I 174 54 35 94 70 40 230 15 23 3 
Microbacteriaceae 61 21 2 1 13 2 26 33 37 25 20 51 27 II I 
M icrococcaceae 7 4 4 3 13 8 33 8 8 II 52 5 17 I 
Micromonosporaceae 21 5 I 13 0 17 2 19 2 3 24 31 9 0 
Moraxellaceae II 64 2 5 127 23 45 2 II 51 II 21 2 I 
Mycobacteriaceae 27 19 I II 3 20 0 9 II 8 4 II I 0 
Myxococcaceae 0 0 0 0 0 I 2 0 I 0 10 0 6 0 
Nakamurellaceae 0 I 0 0 0 3 2 2 3 5 8 I 0 0 
Nannocystaceae 0 110 59 I 19 II 3 69 13 8 0 3 0 0 
Natranaerobiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Neisseriaceae 2 8 I 2 I 8 9 2 18 14 5 5 I 0 
Nitrosomonadaceae 0 I 0 0 0 I 0 6 3 I 0 I 5 0 
Nitrospiraceae 4 41 5 10 25 70 122 109 116 28 91 26 9 4 
INocard iaceae 442 160 0 97 5 63 4 0 13 8 13 7 I 0 
INocardioidaceae 15 4 3 5 23 8 64 38 14 28 54 9 8 0 
bceanospirillaceae 0 0 0 0 0 0 I 0 0 0 0 0 0 0 
bDI family 0 5 0 0 3 I 10 2 I 9 5 0 I 0 
bPI I family 0 0 0 0 0 0 0 0 0 I 4 0 I 0 
bpitutaceae 0 21 15 3 24 43 33 24 7 27 124 27 27 0 
bxalobacteraceae 18 22 8 2 75 24 54 55 62 39 67 II 9 0 
Paenibacillaceae I 0 I 0 0 0 I 2 17 I 6 9 2 2 I 
Paenibacillaceae 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Parachlamydiaceae 5 I 7 2 7 9 5 8 17 10 5 6 I 0 
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Sites 
Family 1 2 3 4 5 6 7 8 9 10 11 12 J3 14 
Pasteurellaceae 0 3 0 0 0 0 0 0 0 0 0 0 0 0 
Pasteuriaceae 19 26 7 6 7 44 39 43 28 10 18 31 5 0 
Patulibacteraceae 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
Peptococcaceae I 0 0 0 0 0 0 0 0 0 0 2 0 0 0 
Peptostreptococcaceae 16 4 0 5 2 8 3 2 23 80 0 7 2 0 
Phaselicystidaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phycisphaeraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phy I lobacteriaceae 31 12 2 8 7 9 15 7 12 5 17 6 0 0 
Planctomycetaceae 251 278 63 107 89 421 323 310 296 149 368 138 72 II 
Planococcaceae 0 0 0 0 0 0 2 0 2 I 6 0 I 0 
Polyangiaceae 4 82 33 12 32 35 55 35 30 26 9 17 6 0 
Porphyromonadaceae 0 0 0 0 I 3 0 6 3 23 5 2 0 0 
Prevotellaceae 0 0 0 0 0 0 0 0 0 0 0 I 0 0 
Promicromonosporaceae I 0 0 I 0 0 0 10 0 0 0 0 0 0 
Propionibacteriaceae 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
Pseudomonadaceae 23 263 13 97 47 86 46 65 66 93 33 51 20 0 
Pseudomonadales 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudonocard iaceae 0 0 5 I 0 3 II 5 3 6 2 I 0 0 
Puniceicoccaceae 0 0 0 0 0 0 0 0 0 0 3 0 I 0 
Rhizobiaceae I I 0 I 0 2 2 0 2 0 0 6 0 0 
Rhizobiales 4 0 0 0 0 5 I 9 I 0 0 0 0 0 
Rhodobacteraceae 100 165 108 41 392 337 1285 572 418 343 391 223 44 21 
Rhodobiaceae 2 0 0 0 0 0 0 0 0 0 7 0 0 0 
Rhodocyclaceae 12 193 45 73 116 231 242 163 87 256 113 117 40 0 
IRhodos pi ri llaceae 10 25 2 10 12 33 47 46 19 12 31 16 2 0 
Rhodothermaceae 0 0 0 0 2 I 0 I 0 0 0 0 0 0 
Rickettsiaceae I 3 I 0 I 4 I 5 4 0 0 0 0 0 
Rikenellaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rubritaleaceae 0 0 10 0 I I 0 0 2 0 0 0 0 0 
Rubrobacteraceae 0 0 0 0 0 0 0 0 0 I 0 I 0 0 
Ruminococcaceae 5 10 0 3 I 0 4 4 0 14 10 5 I 0 
ISaprospiraceae 0 35 23 3 13 23 26 26 25 12 34 14 14 0 
IShewanellaceae 0 0 0 0 4 I 0 0 17 0 0 0 0 0 
Simkaniaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sinobacteraceae 0 12 6 0 12 18 26 14 II 15 8 4 2 0 
Solirubrobacteraceae 5 0 0 0 0 3 5 3 3 2 22 I 2 0 
Spartobacteria 0 18 15 2 51 109 283 184 308 103 170 77 53 2 
43 
Sites 
Family J 2 3 4 5 6 7 8 9 10 l1 12 J3 14 
Sphaerobacteraceae 6 0 0 0 0 0 0 0 I I I I 3 0 
Sphingobacteriaceae 14 2042 2 584 171 635 12 I 26 51 60 22 4 0 
Sphingomonadaceae 60 199 62 27 413 304 1211 610 668 317 610 148 79 4 
Spirillaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spirochaetaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sporichthyaceae 0 0 0 0 0 0 0 0 0 0 0 0 I 0 
SRI family 0 II 2 0 2 3 0 3 I 0 0 0 0 0 
Staphylococcaceae I 0 0 0 0 I 0 3 0 0 7 7 0 0 
Streptococcaceae 3 9 0 0 4 0 0 2 5 9 2 3 0 0 
Streptomycetaceae 2 3 4 0 2 5 2 9 2 2 7 I 5 0 
Streptosporangiaceae 0 0 0 0 0 0 0 0 3 0 8 0 0 0 
Subdivision 3 family 5 163 51 9 60 122 236 160 134 61 205 61 46 I 
Subdivision 5 family I I I 0 0 2 0 I 0 0 0 I 0 0 
Synergistaceae 0 I 0 0 0 0 0 0 0 0 0 I 0 0 
Syntrophaceae 0 0 0 0 I 2 2 10 0 0 I 13 I 0 
Syntrophobacteraceae 0 I 2 I 4 4 5 35 5 I 2 4 3 0 
Syntrophomonadaceae 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Syntrophorhabdaceae 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
Thermaceae 0 0 0 0 0 I 15 5 IO 2 0 I 0 2 
Thermoactinomycetaceae I 0 0 0 0 0 0 0 0 0 0 0 0 I 0 
Thermoleophilaceae 9 4 0 6 2 0 0 0 0 0 0 I 0 0 
Thermomonosporaceae 0 0 0 0 0 0 0 0 0 0 II 0 I 0 
Thiotrichaceae 0 0 0 0 0 0 0 0 0 I 0 0 0 0 
Thiotrichales 0 9 0 0 0 2 0 22 2 0 0 0 0 0 
TM7 family I 0 0 0 0 0 7 5 I 7 6 8 I 0 
Trueperaceae 0 0 0 0 I 0 3 0 0 4 4 0 0 0 
Unclassified 2095 6333 1156 1545 2933 6599 8261 7308 5201 3336 7664 3310 1810 138 
Veillonellaceae 0 2 0 0 0 2 0 3 0 3 0 I 2 0 
Verrucomicrobiaceae 2 66 245 13 88 342 276 393 394 216 245 239 74 13 
Vibrionaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Victivallaceae 0 0 0 0 0 0 0 0 0 0 0 3 0 0 
WS3 family 0 36 0 9 19 39 36 32 23 9 23 12 16 0 
D<:anthobacteraceae 0 0 I 0 I 0 I 4 2 3 0 0 2 0 
D<:anthomonadaceae 180 773 53 182 98 477 129 149 364 216 85 260 35 10 
Total OTUs 4728 17538 2973 3971 8161 15074 20919 15532 12548 8565 16827 6971 3688 320 
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Table 4. Bacterial operational taxonomic unit (OTU) counts at the family level of the 
benthic samples from the fourteen sites (11/25/11). 
Sites 
Family I 2 3 4 5 6 7 8 9 JO II 12 
iAcetobacteraceae 10 55 40 44 37 22 25 48 16 8 28 18 
IAcidaminococcaceae I 0 0 0 0 0 0 0 0 0 0 0 
IAcidimicrobiaceae 4 56 18 JO 13 3 7 JO II 2 5 7 
IAcidimicrobineae_ 15 12 2 21 7 7 24 20 4 8 12 4 
IAcidobacteria Gp I 0 0 0 0 8 0 0 0 0 0 0 0 
IAcidobacteria Gp I 0 21 24 25 34 13 17 15 27 16 5 8 16 
Acidobacteria Gp 11 0 0 2 5 6 4 2 6 I I 4 I 
Acidobacteria Gp 13 2 0 0 0 9 0 0 0 0 I 0 0 
Acidobacteria Gp 15 0 I 0 2 19 I I I 0 0 0 0 
IAcidobacteria Gp 16 52 112 136 153 121 74 96 78 70 55 59 38 
IAcidobacteria Gp 17 43 75 65 103 128 72 61 270 66 31 35 17 
IAcidobacteria Gp 18 0 I 8 I 12 2 I 6 3 2 0 2 
IAcidobacteria Gp 19 0 0 0 2 3 I 0 0 0 0 0 0 
IAcidobacteria Gp2 I 0 3 0 12 I I 3 0 3 2 3 
IAcidobacteria Gp20 0 0 0 0 I 0 0 0 0 0 0 0 
~cidobacteria Gp2 I 0 0 I 0 6 0 0 0 0 0 0 0 
~cidobacteria Gp22 8 5 29 19 26 18 6 114 16 13 14 14 
IAcidobacteria Gp23 0 0 2 0 0 0 2 0 0 0 0 0 
IAcidobacteria Gp25 0 10 2 I 2 2 0 4 I 0 0 2 
IAcidobacteria Gp3 II 13 42 9 47 17 9 52 15 8 20 7 
IAcidobacteria Gp4 126 146 261 212 280 83 130 403 104 89 133 63 
IAcidobacteria Gp5 0 2 I 0 4 0 0 4 0 2 2 0 
IAcidobacteria Gp6 99 387 401 312 1013 294 201 1072 295 181 219 105 
IAcidobacteria Gp7 3 14 II 35 20 7 4 21 2 I 5 3 
Acidobacteria Gp9 0 0 I 5 7 3 0 8 2 0 0 0 
Actinomycetaceae 0 0 0 0 2 0 I I 0 0 0 I 
Aeromonadaceae 0 0 0 0 0 0 0 0 0 I 0 0 
Alcaligenaceae 3 0 2 3 8 I I 0 I 0 2 I 
Alicyclobacillaceae I 2 0 0 I 2 0 3 0 I 0 0 
Alphaproteobacteria 4 17 5 6 3 0 I 6 4 I 9 2 
Alteromonadaceae 32 39 38 66 19 22 16 29 28 19 20 15 
Anaerolineaceae 16 42 51 132 87 42 30 68 15 12 16 II 
Anaplasmataceae 5 0 0 0 0 0 0 0 0 0 0 0 
LJ 14 
64 I 
0 0 
24 3 
17 6 
2 0 
38 I 
13 0 
0 0 
6 0 
128 14 
116 II 
9 0 
I 0 
2 0 
0 0 
2 0 
42 2 
2 0 
5 0 
96 6 
343 25 
3 0 
919 26 
16 I 
2 0 
I 0 
I 0 
3 I 
3 0 
10 0 
40 5 
39 I 
0 0 
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Sites 
Family I 2 3 4 5 6 7 8 9 10 l1 12 13 14 
!Annatimonadaceae I 5 9 8 12 0 0 10 I 3 2 6 7 I 
IArmatimonadetes Gp2 0 0 0 2 0 I 0 0 0 0 0 0 2 0 
!Armatimonadetes Gp4 0 0 2 0 I 0 2 4 3 0 2 4 3 0 
IArmatimonadetes Gp5 33 32 16 53 5 5 21 22 17 5 22 7 23 3 
IAurantimonadaceae 0 0 I 0 0 0 2 2 I 0 0 0 4 0 
Bacillaceae I 0 IO I 0 I 0 5 2 0 3 I 0 6 0 
Bacillaceae 2 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
IBacillales 0 I 6 0 6 0 I 6 0 0 0 0 2 0 
Bacteriovoracaceae 9 15 14 28 13 3 II 5 I 7 4 4 12 I 
Bacteroidaceae 0 2 3 I 0 0 I 0 I 0 0 0 0 0 
IBacteroidetes 4 8 3 19 5 2 7 5 4 0 2 2 7 0 
Bdellovibrionaceae II 2 14 24 II 6 3 I IO 4 6 3 10 0 
Beijerinckiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bi fidobacteriaceae 2 5 0 2 4 0 0 0 0 0 0 0 0 0 
Bradyrhizobiaceae 31 30 41 54 41 II 56 24 47 17 31 IO 60 4 
BRCI family 2 2 I 12 4 2 0 0 0 I 0 2 0 0 
Brucellaceae 0 0 0 0 3 0 0 0 0 0 0 0 0 0 
Burkholderiaceae 33 13 52 46 66 9 60 91 29 22 21 14 62 15 
Burkholderiales 42 124 110 78 363 29 70 251 59 61 47 45 191 16 
iealdilineaceae 9 9 22 20 24 9 15 25 7 6 16 2 16 I 
ieampylobacteraceae 3 16 5 12 5 0 2 I 0 0 3 I 7 I 
ieamobacteriaceae 2 8 5 18 3 0 2 2 I I I 0 6 I 
ieaulobacteraceae 26 120 42 74 89 14 33 76 32 23 19 19 49 7 
k:ellulomonadaceae 6 4 II 8 5 I 16 0 3 2 4 5 6 0 
k:;hitinophagaceae 145 354 298 361 509 89 159 795 172 103 156 65 590 44 
k:hloroflexaceae 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
:Chromatiaceae I 18 5 27 16 0 5 4 5 I 4 0 12 0 
:Chthonomonadaceae I 0 3 I IO 0 I 0 I 2 2 0 IO 0 
:Clostridiaceae I 9 115 22 51 12 5 9 4 14 5 7 3 9 8 
k:Iostridiaceae 2 0 0 0 0 0 0 0 0 I 0 0 0 0 0 
k:Iostridiales XI 0 II 0 3 7 0 0 0 I 0 0 0 0 0 
k:Iostridiales XII I 6 0 8 0 I I 0 2 0 0 0 5 0 
k:Iostridiales XIII 2 0 0 0 0 0 0 0 0 0 2 0 0 0 
k:omamonadaceae 503 1037 1012 923 2746 254 810 1473 567 527 613 325 1860 120 
:Conexibacteraceae 21 36 31 46 2 7 19 I 17 5 14 6 27 5 
~oriobacteriaceae I 0 2 0 0 0 0 0 0 0 0 0 0 0 
ieorynebacteriaceae I 17 I 5 II 0 I 2 0 2 2 0 2 0 
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Sites 
Family 1 2 3 4 s 6 7 8 9 IO l1 12 13 14 
K;oxiellaceae 3 4 II 7 4 I 8 I 3 2 6 I 5 0 
K;ryomorphaceae 9 19 26 28 12 4 12 42 5 17 13 10 24 2 
K;ryptosporangiaceae 0 0 I 0 0 0 0 0 0 I I 0 2 0 
K;yclobacteriaceae 0 13 5 I I 0 0 6 I I 0 I 5 2 
K;ystobacteraceae 9 15 18 25 63 15 IO 79 5 12 IO 4 24 2 
K;ytophagaceae 27 82 83 72 210 7 23 199 26 28 29 9 48 4 
IDeinococcaceae 0 2 8 0 0 0 0 0 0 0 0 I 7 0 
Dermabacteraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Desulfobacteraceae 2 3 4 16 IO I 3 9 0 0 2 2 3 0 
Desulfobulbaceae 2 5 7 26 7 I 5 42 4 2 3 0 8 0 
Desulfomicrobiaceae 0 0 0 0 0 2 0 5 0 0 0 0 0 0 
Desulfovibrionaceae 0 0 0 0 5 0 0 0 0 3 0 0 0 0 
Desulfuromonadaceae 0 I 2 9 48 3 2 31 0 0 3 6 9 0 
Dietziaceae 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
Enterobacteriaceae 5 II 15 21 6 I 5 2 6 89 6 5 9 I 
D:nterococcaceae 0 0 0 0 I 0 0 0 0 0 0 0 0 0 
~rysipelotrichaceae I 0 I 2 I 5 2 0 I I I 0 0 0 
Erythrobacteraceae 8 31 33 25 26 2 9 62 II II 16 II 29 2 
Eubacteriaceae 3 0 0 0 0 0 0 2 I 0 0 0 I 0 
Flammeovirgaceae 0 I 0 0 0 2 0 0 0 2 2 0 3 0 
Flavobacteriaceae 363 835 512 1019 542 64 378 195 247 142 226 11 4 535 70 
Fusobacteriaceae 0 9 I 3 I 0 I 4 0 0 0 0 I 0 
K;ammaproteobacteria 0 2 5 0 13 0 0 0 0 3 I 4 9 0 
K;emmatimonadaceae 19 25 55 60 109 28 48 167 34 35 43 22 154 5 
Kieobacteraceae 3 28 15 55 46 5 13 59 15 3 II 3 20 0 
Kieodermatophilaceae 4 12 5 10 8 0 I 0 8 2 I 5 3 0 
Gracilibacteraceae 0 0 0 0 0 0 0 0 0 I 0 0 I 0 
Haliangiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Halomonadaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
He! icobacteraceae 0 7 IO 4 I 0 0 12 2 2 0 0 5 I 
Herpetosiphonaceae 0 12 3 3 0 0 I I 0 2 0 2 3 0 
Holophagaceae 4 28 13 37 8 17 7 3 6 I I 6 9 I 
Hydrogenophilaceae 5 IO IO 26 5 2 4 18 2 0 3 2 13 0 
Hyphomicrobiaceae 38 115 108 73 143 39 66 264 81 35 68 24 169 20 
Hyphomonadaceae 0 4 IO 5 2 0 5 II 4 5 I I 18 0 
lgnavibacteriaceae 7 16 9 25 14 7 2 18 7 0 0 I 18 0 
lncertae Sedis XI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Sites 
Family I 2 3 4 5 6 7 8 9 10 11 12 13 14 
ntrasporangiaceae 0 18 10 9 9 4 7 6 8 5 2 I 9 0 
J iangellaceae 0 0 0 0 0 0 0 3 0 0 0 0 2 0 
Kineosporiaceae 17 35 39 10 4 3 25 0 18 7 13 4 27 8 
Lachnospiraceae 0 4 2 I 6 0 0 0 I 0 3 I 0 0 
Lactobacillaceae 0 0 0 0 0 0 0 0 0 0 0 0 I 0 
Legionellaceae 5 3 5 2 4 3 I 3 4 I 0 2 8 0 
ILeptospiraceae II 27 10 26 2 3 2 I II 0 5 I 2 0 
Leptotrichiaceae 0 I 0 0 0 0 0 0 0 0 0 0 0 0 
Leuconostocaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Listeriaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Marinilabiaceae 0 3 I 0 3 0 0 0 0 0 0 0 I 0 
Methylobacteriaceae I 13 II 6 17 I 7 5 6 7 6 2 13 0 
Methylococcaceae 55 46 103 52 107 16 75 331 44 25 32 38 157 17 
Methylocystaceae 0 4 6 3 6 0 I 3 0 0 4 0 I 0 
Methylophilaceae 16 92 91 74 86 5 31 90 43 22 22 17 79 7 
M icrobacteriaceae 24 51 63 35 31 9 36 25 14 36 14 8 60 7 
M icrococcaceae 5 19 8 IO 37 4 10 5 3 8 2 2 21 I 
M icromonosporaceae 7 25 21 8 9 2 15 3 8 8 9 3 24 3 
Moraxellaceae 56 103 40 71 90 7 21 I 18 20 18 IO 61 II 
Mycobacteriaceae 9 7 15 15 6 9 8 2 16 4 5 5 14 2 
Myxococcaceae I 0 I 0 7 0 0 0 0 0 0 0 I 0 
IN akamurellaceae 0 0 0 I 0 0 I 0 2 0 2 2 I 0 
IN annocystaceae 35 28 46 33 34 9 20 8 7 I 9 4 20 7 
IN atranaerobiaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
INeisseriaceae 10 II 7 6 16 2 IO 4 5 4 3 6 15 0 
IN itrosomonadaceae 0 8 3 4 8 0 0 7 2 0 0 0 I 0 
INitrospiraceae 24 31 47 34 107 28 14 114 43 27 56 12 103 I 
INocardiaceae 144 120 76 94 9 22 83 0 55 18 51 18 50 19 
INocardioidaceae 7 30 28 17 23 6 17 20 13 6 6 IO 26 4 
Oceanospirillaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ODI family 2 5 I 3 IO 3 0 I 2 I I 2 9 0 
OPI I family 2 I 2 I 0 0 0 0 0 I 0 0 0 0 
Opitutaceae 24 67 35 34 115 21 22 80 13 15 18 12 80 0 
Oxalobacteraceae 15 65 41 20 76 3 29 32 22 II 16 19 59 2 
Paenibacillaceae I 0 8 0 6 2 I 2 2 I 2 0 I I 0 
Paenibacillaceae 2 0 0 0 0 I 0 0 0 0 0 0 0 0 0 
Parachlamydiaceae 3 4 22 3 2 5 0 2 6 2 4 I II 4 
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Sites 
Family I 2 3 4 5 6 7 8 9 LO 11 12 J3 14 
Pasteurellaceae 0 0 0 I 0 0 0 0 0 0 0 0 0 0 
Pasteuriaceae 11 29 32 19 36 IO 18 71 19 10 16 s 65 I 
Patulibacteraceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Peptococcaceae I 0 0 l l 0 0 l 0 0 0 0 0 0 0 
Peptostreptococcaceae 10 75 8 44 8 6 s 2 15 4 I 3 4 0 
Phaselicystidaceae 0 0 0 0 0 0 3 0 0 0 0 0 I 0 
Phycisphaeraceae 0 0 0 l 0 0 0 0 0 0 0 0 0 0 
Phyllobacteriaceae 18 8 9 8 4 3 10 3 3 2 7 2 24 l 
Planctomycetaceae 228 294 313 226 354 131 175 673 190 IOI 192 60 424 31 
Planococcaceae 0 9 l 0 3 2 0 I 0 0 l 0 I 0 
Polyangiaceae 37 31 12 33 27 12 14 7 1 2 1 8 17 9 40 3 
Porphyromonadaceae I 18 3 12 9 0 0 I 0 0 I l l 0 
Prevotellaceae 0 0 0 I 0 0 0 0 0 0 0 0 I 0 
Promicromonosporaceae 0 4 0 0 0 0 0 0 0 0 0 0 0 0 
Propionibacteriaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudomonadaceae 62 175 73 278 77 26 67 47 67 32 76 28 118 17 
Pseudomonadales 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pseudonocardiaceae l 3 s l 8 l 0 4 I 0 l 0 3 0 
Puniceicoccaceae l 0 0 I 3 0 0 0 I 0 0 0 0 0 
Rhizobiaceae l 0 7 s 2 0 4 l 2 l 2 0 7 0 
Rhizobiales 0 l 3 4 0 I 0 3 I 0 l 0 I 0 
Rhodobacteraceae 143 480 444 371 562 64 181 394 223 167 138 80 460 54 
Rhodobiaceae 0 0 2 II 4 0 2 2 0 0 0 0 0 0 
Rhodocyclaceae 373 360 142 442 435 121 119 192 97 63 IOI 63 306 19 
Rhodospirillaceae 25 27 18 3 1 40 II 9 7 19 4 II 4 2 1 2 
Rhodothermaceae 0 0 0 2 2 0 0 0 0 0 0 0 2 0 
Rickettsiaceae 2 0 4 s I 0 2 3 I I I 0 2 0 
Rikenellaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rubritaleaceae 2 9 2 0 0 0 0 0 0 0 0 2 I I 
Rubrobacteraceae I I I 0 3 0 0 I 0 I 0 0 0 0 
Ruminococcaceae 3 18 6 7 II I 3 3 I 0 I 2 8 0 
$aprospiraceae 13 IS 45 38 29 8 9 42 4 10 13 6 45 l 
Shewanel laceae 0 0 0 0 2 0 0 0 l 0 I 0 2 0 
Simkaniaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sinobacteraceae 2 12 II II 36 6 4 30 6 I 2 l 9 I 
Solirubrobacteraceae 3 8 3 2 4 s 8 3 4 I s 6 7 I 
Spartobacteria 2 1 133 83 93 282 42 38 704 53 63 90 36 340 6 
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Sites 
Family I 2 3 4 5 6 7 8 9 LO II 12 13 14 
Sphaerobacteraceae 0 7 0 2 I 4 0 0 4 0 0 I I 0 
Sphingobacteriaceae 543 572 471 1074 140 81 635 5 330 193 424 149 486 72 
Sphingomonadaceae 132 372 405 378 542 66 204 749 16 1 124 112 87 534 42 
Spirillaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Spirochaetaceae 0 0 I 0 0 0 0 0 0 0 0 0 0 0 
Sporichthyaceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SRI family 4 I 2 5 I I 0 0 0 I 2 0 I 0 
Staphylococcaceae 0 5 7 5 2 0 I 0 2 0 2 0 5 0 
Streptococcaceae 0 15 2 6 8 2 I 0 0 I 0 0 3 2 
Streptomycetaceae 3 2 3 0 3 0 3 I I I 6 I 4 0 
Streptosporangiaceae I 0 0 I 0 I 0 0 0 0 0 0 0 0 
Subdivision 3 family 58 108 167 110 277 70 41 356 55 44 5 1 49 239 5 
Subdivision 5 family I 0 I I 7 3 0 I 0 0 0 0 0 I 
Synergistaceae 0 0 0 0 0 I 0 0 0 0 0 0 0 0 
Syntrophaceae 3 0 5 4 6 0 0 0 I 0 3 3 7 0 
Syntrophobacteraceae I 2 5 4 5 3 2 22 0 0 0 0 0 0 
Syntrophomonadaceae 0 0 0 0 0 0 0 0 0 0 2 0 0 0 
Syntrophorhabdaceae I 0 0 0 2 0 0 0 0 0 0 0 0 0 
Thermaceae 0 7 2 0 7 I 0 19 3 0 2 0 0 0 
Thermoactinomycetaceae I 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Thermoleophilaceae 2 3 0 0 2 0 I 0 2 I 4 3 0 I 
Thermomonosporaceae 0 0 0 0 0 0 0 0 3 2 0 0 0 0 
Thiotrichaceae 0 0 I 0 4 0 0 0 0 0 0 0 0 0 
Thiotrichales 3 0 0 I 0 0 0 0 0 0 0 0 0 0 
TM? family 2 3 4 0 2 0 3 0 0 0 I 0 3 0 
Trueperaceae I 0 2 3 4 0 0 0 2 0 0 0 I I 
Unclassified 3463 5795 5087 6860 6685 242 1 3294 8967 3059 1823 2885 1535 7720 55 1 
Yeillonellaceae I 4 0 5 4 0 I 0 I 0 0 0 4 0 
Verrucomicrobiaceae 70 269 343 229 395 60 76 803 97 7 1 79 47 334 14 
Yibrionaceae 0 0 I 0 0 0 0 0 0 0 0 0 0 0 
Yictivallaceae 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
WS3 family 24 7 29 25 35 12 9 43 19 8 16 II 40 I 
Xanthobacteraceae I I I 2 0 0 I 3 0 0 0 0 4 0 
Xanthomonadaceae 302 449 2 17 609 88 11 7 239 53 146 87 163 103 288 26 
Total OTUs 7915 14464 12569 16163 18167 4808 8171 20320 7115 4700 6 753 3565 18494 1387 
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